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SuMMARY. Phagocytic and bactericidal activity of polymorphonuclear neutrophil
leukocytes (PMN) isolated from blood and milk, against Staphylococcus aureus, was
compared between groups of six healthy dairy cows in early, mid- and late lactation
using a bacteriological assay. PMN were isolated from blood with a high degree of
purity, but the cells isolated from milk contained variable amounts of macrophages
(M®) and lymphocytes (L). The results were therefore calculated using the percentage
PMN in order to evaluate phagocytosis and killing by PMN only. Blood PMN
phagocytosed 82 % Staph. aureus and milk PMN 43 % on average and there was no
significant difference between the different stages of lactation. The bactericidal
activity of blood PMN against Staph. aureus was 36+8% in early lactation
(significantly different from mid lactation, P < 0-05), 64 4+ 10 % in mid lactation and
53+6% in late lactation. Milk PMN killed only 6+3% Staph. aureus in early
lactation (significantly different from mid lactation, P < 0-01), 27+3% in mid
lactation and 20+9 % Staph. aureus in late lactation. The ratio of the bactericidal
activity of milk to blood PMN was 0:08, 0-43 and 0-22 in early, mid- and late
lactation, respectively. In addition to the decreased function, the number of cells in
milk (somatic cell count, SCC) was also 60% lower in early lactation than in mid
lactation cows (P < 0-01). Our results suggest an impairment of blood and milk-
resident PMN bactericidal activity against Staph. aureus and a decreased number of
milk-resident PMN in dairy cows at the onset of lactation.

Keyworps: Bovine mastitis, Staphylococcus aureus, polymorphonuclear neutro-
phil leukocyte, phagocytosis, intracellular killing

Inflammation of the mammary gland is characterised by increased somatic cell
counts (SCC), resulting from the massive diapedesis of polymorphonuclear neutrophil
leukocytes (PMN) into the udder. The increased incidence of severe coliform mastitis
during early lactation has been correlated with a decreased number and function of
blood PMN (Burvenich et al. 1994). Unlike blood PMN, it is unclear what role milk-
resident PMN could play in intramammary immunity. The association between
decreased milk SCC and risk for clinical mastitis, suggests that at least the number
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of milk PMN could play a role in defence against intramammary pathogens (Shuster
et al. 1996; Peeler et al. 2000). The main purpose of this study was to compare the
phagocytic and bactericidal activity of milk-resident PMN against Staph. aureus, in
addition to SCC, between early, mid- and late lactating cows using blood PMN
function as a reference.

In comparison with blood PMN, milk PMN could be considered as exhausted cells
approaching death because their phagocytic and bactericidal activity is decreased
(Russell et al. 1977; Paape et al. 1977), intracellular glycogen stores are depleted
(Naidu & Newbould, 1973), their half-life time is very short (+8 h), and they show
apoptotic features (Van Oostveldt et al. 1999). Nevertheless, several studies suggest
that milk-resident cells may exert a significant antibacterial activity. For example,
phagocytosis of Staph. aureus by milk PMN was only 10 % lower than blood PMN
(Dulin et al. 1988). Bovine milk cells consist of macrophages (M®), PMN,
lymphocytes (L) and a small number of epithelial cells and the qualitative
composition of SCC is dependent on the stage of lactation (Concha, 1988). The
relative role of each individual cell type in the defence against intramammary
infections is poorly understood. An additional objective of this study was therefore
to investigate the relative contribution of milk-resident PMN and M® to
phagocytosis and killing of Staph. aureus. Our experiments were focused on the two
types of phagocytes in milk: PMN and M®.

MATERIALS AND METHODS

Experimental animals and sampling procedure

Eighteen healthy Holstein-Friesian cows from the Ghent University experimental
dairy farm (Biocentrum Agri-Vet) were selected on the basis of 2 consecutive
bacteriologically negative milk samples and SCC below 1 x 10°/ml milk per individual
quarter. Three different stages of lactation were investigated: early lactation cows
(6-18 d after parturition, n = 6), mid-lactation cows (150-202 d after parturition,
n = 6) and late-lactation cows (264-325 d after parturition, n = 6). For comparison of
the phagocytic and bactericidal activity of milk PMN and M® in Percoll® (Pharmacia
Biotech AB, Uppsala Sweden)-isolated fractions (see below), six healthy mid-
lactation cows were selected. Blood samples were collected aseptically from the
external jugular vein into evacuated tubes (Laboratoire EGA, Nogent-le Roi France)
containing 125 I.U. heparin. Cisternal milk samples (11) were always collected
aseptically from one quarter using a sterile teat cannulla after cleaning and
disinfection of the teats (Vangroenweghe et al. 2000). Milk samples were taken
immediately prior to the morning milking at 08.00. Milk was stored on ice until
processed. No stimulation of the mammary gland was used prior to milk collection.

Isolation of neutrophil leukocytes from blood and malk

All materials and reagents used for the isolation of blood and milk PMN were
sterile. Leukocytes were isolated from blood according to Carlson & Kaneko (1973).
After counting the cells using an electronic particle counter (Coulter counter Z2,
Coulter Electronics, Luton UK) and determination of the viability and percent PMN
as described below, the suspension was adjusted to a concentration of 5 x 10® viable
blood PMN/ml with Hank’s Balanced Salt Solution (HBSS) containing Ca** and
Mg** (GIBCO Life Technologies, Paisley Scotland) supplemented with 1 ¢ Bovine
Serum Albumin/l (BSA; Sigma Chemicals, St. Louis MO USA) and 25 mm-HEPES
buffer (HBSS-BSA; Sigma).
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The milk samples were maintained on melting ice following sampling and during
the isolation procedure. Initial volumes (2 1) of milk were processed using a high-
capacity centrifuge (RC-3BP, Sorvall, Newtown CT USA), after 50 % dilution with
PBS. Fat was carefully removed after the first centrifugation (1000 g, 4 °C, 15 min)
and the pellet was washed twice with PBS and centrifuged at 500 g for 15 min and
600 g for 10 min. After counting the isolated milk cells using an electronic particle
counter (Coulter counter Z2) and determination of the viability as described below,
the cells were finally resuspended to a concentration of 5 x 10 viable milk cells/ml
with HBSS-BSA.

Macrophage and PMN-enriched fractions from milk were obtained by layering
isolated milk cell suspensions on a discontinuous Percoll® (Pharmacia) gradient with
densities of 1092 and 1071 g/1 and centrifugation at 1000 g for 15 min. The bottom
and upper fractions, predominantly consisting of PMN and M®, respectively, were
collected separately, the purity of the suspensions was determined light micro-
scopically at magnification x 1000 on May-Gruenwald’s eosin-methylene blue
solution (Merck Diagnostica, Darmstadt Germany) stained smears and the
phagocytic and bactericidal activity against Staph. aureus was quantified as
described below.

Viability and identification of leukocytes

The viability of PMN was determined by flow cytometry (FACScan, Becton
Dickinson Immunocytometry Systems, San José CA USA) after addition of 10 ul
propidium iodide (PI, 250 gg/ml PBS; Sigma) to 490 ul isolated cells
(1 x10° PMN/ml). Red fluorescence was registered at 650 nm with 460 V applied to
the photomultiplier and the 488-nm excitation wavelength was used. The red
fluorescence of PMN selected in the forward scatter —side scatter dot plot was
evaluated with the CellQuest software (Becton Dickinson). The threshold value for
live and dead cells was determined in a sample of isolated cells without PI. This
method corresponded to the microscopical trypan blue exclusion method. Flow
cytometry was more accurate than microscopy, with a CV of 5% (10000 cells
counted) compared to a CV of 28 % for the microscopical method (200 cells counted).
Differential counts were performed on smears of isolated cells using light microscopy
at magnification x 1000 after staining with May-Gruenwald’s eosin-methylene blue
solution. Plasma was added to the isolated cells in a 1:1 ratio in order to prevent lysis
during preparation of the smears. Identification of the cells in milk was based on
morphological characteristics as described by McDonald & Anderson (1981).
Neutrophils were characterised by their multi-lobed or sometimes picnotic, dark blue
stained nucleus. Macrophages typically had a large size, a vacuolated nucleus and
contained lipids in their cytoplasm. Lymphocytes were either large with a low
nucleus to cytoplasm ratio and a light blue stained nucleus or small with a high
nucleus to cytoplasm ratio and a dark blue stained nucleus. Epithelial cells were
identified as large, polygonal, uniformly stained light blue cells.

Analysis of milk composition: somatic cell count, fat, protein and lactose

SCC was determined with a fluoro-opto electronic method (Fossomatic 5000 cell
counter, Foss Electric, Hillerod Denmark). Milk fat, protein and lactose content were
determined by mid-infrared spectrophotometry (Fossomatic).
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Table 1. Cellular composition and phagocytic and bactericidal activity against
Staphylococcus aureus Newbould 305 of 2 different fractions obtained after Percoll
separation of cells isolated from milk. Purity is 9, PMN in the bottom fraction and 9,
MO in the upper fraction
(Values are means+sEwm for 6 healthy mid lactation cows)

Fraction

Bottom (PMN) Upper (M®)

Purity (%) 85+3 78+1
Phagocytosis (%) 96 +2 89+6
Killing (%) 52+6 31+7

Phagocytic and bactericidal activity of blood and milk neutrophil leukocytes

Phagocytosis and Kkilling of Staph. aureus Newbould 305 (Naidu & Newbould,
1975) was monitored by a bactericidal assay using sample cultivation according to
Barta (1993) with modifications. Live bacteria (100 ul; 5% 107/ml) were added to
500 ul viable PMN isolated from blood or viable cells isolated from milk (5 x 10%/ml).
The volume of the incubation mixture was adjusted to 1 ml with HBSS containing
Ca?* and Mg?*" supplemented with 1 ¢ BSA/I and 25 mm-HEPES buffer. For the
PMN isolated from blood and for the cells isolated from milk, respectively, 1%
zymosan-activated (and complement heat-inactivated) serum (ZAS) and 5%
complement heat-inactivated serum (V/V, final concentrations) were added. The
bacteria to neutrophil ratio was 2:1. Incubation was carried out at 37 °C with end-
over-end rotation for 60 min. The reaction was stopped by placing the tubes on ice.
Ten microlites were sampled from the assay mixture immediately before and after
60 min and diluted with 5 ml distilled H,O. Two further 10-fold dilutions were
performed and plated out on Columbia sheep blood agar (Biokar Diagnostics,
Beauvais France). Extracellular bacteria were separated by centrifugation (100 g,
1 min), 10 xl was sampled and diluted as described above. The plates were incubated
overnight at 37 °C after which colony counts were performed. Results from the bac-
teriological assay are expressed as the percentage of killed (% Kkilling) and phago-
cytosed (% phagocytosis) Staph. aureus compared to the initially administrated
amount of bacteria according to Barrio ef al. (2000). A correction factor was included
to account for bacterial growth during the assay. The results from the phagocytosis
and bactericidal assay of PMN isolated from blood were calculated using % PMN
with the following formula, where Y = % phagocytosis or % killing:

Y

_ isolated cells 100

Yeux = % PMN

In the cells isolated from milk, the phagocyte population consisted of both PMN
and M®. Macrophages had a similar phagocytic activity as PMN (Table 1). Thus, for
phagocytosis, the results were calculated using % PMN and % M® with the
following equation, where Y = % phagocytosis:

Y — X7isolated cells % PMN
PN T (0% PMN + % M)

The results from the bactericidal assay of milk PMN were calculated using the
percentage PMN with the following formula, where Y = percentage killing. The 50 %
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lower bactericidal activity of M@ than PMN was taken into account in this formula
(Table 1):

Y — Yisolated cells % PMN
PMNT19% PMN + (% M@ x 0-50) ]

The coefficient of variation of the bacteriological assay for phagocytosis and
killing of Staph. aureus by blood PMN was 5% and 9%, respectively and for milk
PMN 9% and 15%, respectively.

Contribution of milk neutrophils and macrophages to phagocytosis and killing of
Staph. aureus

The phagocytic and bactericidal activity of pure PMN and M® was calculated
using the lower (neutrophil-enriched) and upper (M®-enriched) fractions of isolated
cells after Percoll separation. The following formulas were used, where Y =
phagocytosis or bactericidal activity, Y pyx = phagocytosis or bactericidal activity
of pure PMN and Y, = phagocytosis or bactericidal activity of pure M®:

Y = Youx - % PMN+ Y, - % MD

upper

Yb()tt()m = YPMN ’ 0/0 P)’IN‘FYM(D : % MQ)

Statistical analysis

Statistical analysis of the data was performed using a computer program
(Statistix® 4.0, Analytical Software, Talahassee FL. USA). Analysis of variance was
performed using a mixed model with stage of lactation as a fixed factor and cows
within stage of lactation as random factors:

Y =b,+b, X +e

where Y = blood or milk PMN function, b, = intercept, b, = coefficient for effect of
the stage of lactation, X = stage of lactation and e = error term. The differences
between early, mid- and late lactation were evaluated using a least significant
differences comparison of means. Variances between cows within one stage of
lactation group were equal according to a Bartlett’s test of equal variances, so that
analysis of variance was allowed.

RESULTS

Purity and viability of neutrophil leukocytes isolated from blood and mulk

The % PMN in the cells isolated from blood averaged 80% and was not
significantly different between the stages of lactation. The % PMN in isolated cells
from milk was 36 +8% in early lactation cows, 64+7% in mid lactation cows and
7045 % in late-lactation cows. The viability of blood PMN was 98+ 1 % in early and
mid-lactation cows and 97+ 1 % in-late lactation cows. At 36 %, the viability of milk
PMN in early lactation cows was significantly (P < 0-01) lower than in mid- and late
lactation, which were 64 % and 70 %, respectively.

Milk composition

SCC was lowest in early lactation cows, a value of 39+ 12 x 10*/ml milk. In mid-
and late-lactation cows, SCC was 97+12x10* and 76+ 11 x 103/ml milk, re-
spectively. SCC was significantly lower in early lactation cows than in mid- and late-
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Fig. 1. (a) Phagocytosis and (b) Killing of Staphylococcus aureus Newbould 305 after incubation with
neutrophils isolated from blood (solid bars) and milk (open bars) of healthy cows during different
stages of lactation. Values are means + SEM.

lactation cows (P < 0-01). There were no significant differences in milk protein, fat
and lactose content between the three stages of lactation. At 31 +9 %, the percentage
isolated milk PMN was significantly lower in early lactation than in mid- (66 +3 %)
or late (64+5%) lactation (P < 0:01).

Contribution of milk neutrophils and macrophages to phagocytosis and killing of
Staph. aureus

The percentage phagocytosis and killing by milk PMN and M® was calculated
from Percoll-separated PMN and M® fractions of isolated cells (Table 1). Whereas
the phagocytic activity of M® and PMN was similar, the bactericidal activity of M®
was 50 % lower than that of PMN. Phagocytic and bactericidal activity of M® was
taken into account in order to calculate the phagocytic and bactericidal activity of
milk PMN in isolated cell suspensions.

Phagocytosis of Staph. aureus by blood and milk neutrophils

Blood PMN phagocytosed 75+ 15 % Staph. awreus in early, 86 +7 % in mid- and
84+9% in late lactation (Fig. 1a). The percentage Staph. aureus phagocytosed by
milk PMN was 32+ 12%, 4749 % and 49+ 9 % for the early, mid- and late-lactation
cows, respectively (Fig. 1a). The ratio of milk to blood PMN phagocytosis was 0-28
in early, 0-52 in mid- and 0-60 in late lactation. A significant positive correlation was
found between the phagocytic activity of blood and milk PMN (Table 2).

https://doi.org/10.1017/50022029901005088 Published online by Cambridge University Press


https://doi.org/10.1017/S0022029901005088

Killing of Staph. aureus by bovine neutrophils 545

Table 2. Correlations between blood and milk polymorphonuclear neutrophil lewkocyte
(PMN) phagocytosis and bactericidal activity against Staphylococcus aureus
Newbould 305 in 18 healthy davry cows

PMN function R P
Phagocytosis of Staph. aureus +0-81 P <0001
Killing of Staph. aureus +0-26 ns
ns, not significant; R, coefficient of correlation; P, significance level of the correlation.

Bactericidal activity of blood and milk neutrophils against Staph. aureus

The percentage killed Staph. aureus by blood PMN was 36+8% for the early
lactation cows, 64+10% for the mid-lactation cows and 534+6% for the late-
lactation cows (Fig. 1b). The bactericidal activity of blood PMN was significantly
lower in the early lactation cows compared to the mid-lactation cows (P < 0-05). The
percentage killed Staph. aureus by milk PMN was 6+3 % for the early lactation
cows, 274+ 3% for the mid-lactation cows and 2049 % for the late-lactation cows.
The bactericidal activity of milk PMN was significantly lower in the early lactation
cows than in the mid-lactation cows (P < 0-05) (Fig. 1b). The ratio of milk to blood
PMN bactericidal activity was 0-08 in early, 0-43 in mid- and 0-22 in late lactation.
There was no significant correlation between the bactericidal activity of blood and
milk PMN (Table 2).

DISCUSSION

The present study was conducted to evaluate the phagocytic and bactericidal
activity of blood and milk PMN from healthy cows during three stages of lactation.
For that purpose, milk cells were collected from healthy mammary glands without
prior stimulation. This approach contrasts with other studies in which the mammary
gland has been challenged with lipopolysaccharide, oyster glycogen or an
intramammary device in order to obtain a large number of cells, predominantly
PMN, by induction of an inflammatory response (Paape et al. 1976; Saad, 1987;
Dulin et al. 1988) or with studies investigating the immune function of milk cells in
cows with mastitis (Piccinini et al. 1999). As a consequence of our experimental
protocol, milk samples typically had a low SCC (< 0° cells/ml) and the isolated cells
consisted of variable amounts of PMN, M®, L and epithelial cells. The original
results from the bactericidal assay were therefore calculated using the PMN content
of isolated milk cells in order to obtain the phagocytic and bactericidal activity of
milk PMN. This approach allowed us to calculate the phagocytic and bactericidal
activity of milk PMN from suspensions with a variable qualitative cellular
composition. In this calculation, a correction factor was used for milk M®. Milk M®
were as phagocytic as milk PMN but had a 50 % lower bactericidal activity using
complement-inactivated serum for opsonization. These findings are consistent with
a previous study in which, under similar conditions of opsonization, phagocytosis by
milk M® and PMN was equal and chemiluminescence (CL) activity — a parameter for
oxygen-dependent bactericidal activity — was lower in milk M® than in PMN (Hallen
Sandgren et al. 1991). The normal phagocytic but low bactericidal activity of milk
MO suggests that the primary effector cells for elimination of bacteria in the
mammary gland are most likely PMN.

On average, 82 % of the originally administered Staph. aureus were phagocytosed
by blood PMN and 43 % by milk PMN at a low bacteria to PMN ratio (2:1) in our

https://doi.org/10.1017/50022029901005088 Published online by Cambridge University Press


https://doi.org/10.1017/S0022029901005088

546 H. DOSOGNE AND OTHERS

study. At a bacteria to PMN ratio of 20:1, 52 % Staph. aureus were phagocytosed by
blood PMN and 47 % by milk PMN (Saad, 1987). Although a different opsonization
could explain some of the difference between the results of our study and those of
Saad (1987), it appears that PMN phagocytose less bacteria at a higher bacteria to
PMN ratio. Indeed, when the ratio of bacteria to PMN was increased from 1:3 to
11:3, the number of phagocytosed bacteria was decreased (Williams et al. 1985). These
in vitro experiments suggest that, at a given number of bacteria, the presence of a
large amount of milk PMN may provide some protection of the mammary gland in
vivo in comparison with low amounts of milk PMN. This hypothesis is supported by
the findings of Shuster et al. (1996), who demonstrated that a moderately increased
SCC before infection had a protective effect against induced Escherichia coli mastitis.
In addition, recent evidence has been found to support the concept that critically
reduced SCC are a risk factor for severe clinical mastitis in dairy herds (Peeler, 2000;
Suriyasathaporn et al. 2000).

Complement-inactivated bovine serum was used to opsonize Staph. aureus
Newbould 305 in this study. The presence of complement does not appear to be
necessary for opsonization of Staph. aureus in order to be phagocytosed by bovine
PMN (Rainard et al. 2000). Therefore, it can be accepted that sufficient opsonization
condition were used in our study for phagocytosis of Staph. aureus Newbould 305 by
bovine blood and milk PMN. The difference from the study of Ferrante et al. (1993),
in which little killing of Staph. aureus was observed in the presence of complement-
inactivated serum, might be explained by the use of a different Staph. aureus strain.
For incubation of Staph. aureus Newbould 305 with blood PMN, 1% ZAS (which was
also complement-inactivated) was used and for milk PMN, 5% complement-
inactivated serum was used. The reason for these different opsonization conditions
is that blood PMN are in a quiescent state whereas milk PMN are in an activated
state. Therefore, ZAS — which contains C5a — was used with blood PMN. Neutrophils
can be primed by this inflammatory mediator to enhance their functional activity
(Rainard ef al. 2000). The described opsonization conditions had been determined to
be optimal for phagocytosis and killing of Staph. aureus by blood and milk PMN in
preliminary experiments. Therefore, differences in phagocytic and bactericidal
activity of blood and milk PMN between the stages of lactation were measured under
optimal and constant opsonization conditions.

Phagocytic and bactericidal activity was significantly lower in milk than in blood
PMN in all stages of lactation. A reduction of the phagocytic and bactericidal
activity of milk PMN may result from diapedesis and ingestion of fat and casein
(Paape & Wergin, 1977). That diapedesis of blood PMN through the blood-milk
barrier causes a reduction of the phagocytic and oxidative burst activity was also
demonstrated using an ¢n vitro cell culture model (Smits et al. 1999). The negative
correlation between intracellular survival of Staph. aureus and CL activity of bovine
blood PMN (Williams et al. 1985), suggests that oxidative burst activity is important
for the intracellular killing of Staph. aureus. The decreased bactericidal activity of
milk PMN in comparison with blood PMN could thus be explained by a lower
superoxide production measured by CL (Dulin et al. 1988) and a lower H,0,
production measured by flow cytometry (Salgar et al. 1991).

Phagocytosis of Staph. aureus by blood and milk PMN was not significantly
decreased during early lactation in comparison with mid- and late lactation. Studies
on blood PMN phagocytosis in dairy cows during early lactation have generated
variable results: Staph. aureus phagocytosis was not changed (Berning et al. 1993) or
decreased (Kehrli ef al. 1989) and K. colt phagocytosis was not changed (Dosogne et
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al. 1999). Ingestion of yeast cells by milk PMN was decreased during the second week
after parturition (Guidry et al. 1976), whereas Staph. aureus phagocytosis by milk
PMN was increased 5 d post partum (Berning et al. 1993). These differences can be
explained by different opsonization, bacteria to PMN ratios, bacterial strains, and by
the marked variation among cows in milk PMN phagocytosis (Paape et al. 1978). The
opsonic activity of milk, which is increased in early lactation, may compensate for
a decreased phagocytic capacity of PMN (Hill et al. 1983b). Moreover, during
mastitis, opsonins in milk are increased (Jain & Lasmanis, 1978; Hill et al. 1983a).
Therefore it has been concluded that opsonization of bacteria is not a critical factor
in the susceptibility to intramammary infections with K. coli (Hill, 1981). It has also
been concluded that PMN phagocytosis is not critically reduced during the early
post-partum period with respect to the sensitivity to a severe clinical response during
E. coli mastitis (Dosogne ef al. 1997). This hypothesis is supported by results from the
present study. Indeed, whereas phagocytosis is necessary, it is insufficient to
eliminate bacteria without proper activation of the bactericidal system. In the case
of Staph. aureus mastitis, the inefficient killing by milk PMN is a potential source of
reinfection (Daley ef al. 1991) whereas during . coli mastitis, the decreased blood
PMN oxidative burst activity contributes to the severity of the clinical symptoms
(Heyneman et al. 1990). Therefore, intracellular killing following phagocytosis by
PMN may be a more reliable parameter for estimation of the defence capacity
against intramammary infections than phagocytosis alone.

The bactericidal activity of blood and milk PMN against Staph. aureus was
significantly lower in early than in mid- and late lactation. This decreased
bactericidal activity could be explained by the reduced oxidative burst activity, as
observed in several other studies (Detilleux et al. 1995; Hoeben et al. 2000). However,
the CL activity of blood PMN was only reduced by 8 % in dairy cows during the first
2 weeks post partum in comparison with the dry period (Hoeben et al. 2000). In our
study, the bactericidal activity of blood and milk PMN was reduced in early
lactation by 44 % and 78 %, respectively, in comparison with mid lactation. There-
fore, our findings suggest that not only oxygen-dependent Kkilling but also other
bactericidal mechanisms may be impaired during early lactation. Indeed, in human
PMN, both oxygen-dependent and oxygen-independent mechanisms are involved in
the intracellular killing of Staph. aureus (Edwards et al. 1987; Hermann ef al. 1990;
Hampton et al. 1996).

A significant positive correlation was found between milk and blood PMN
phagocytosis and, although the correlation was not significant, it seems reasonable
to suggest that there was also a relation between milk and blood PMN bactericidal
activity. These results are supported by a previous study, in which the phagocytic
capacity of blood PMN was reflected by the activity of milk PMN (Saad, 1987):; in
this study an intramammary device was used in order to obtain a large amount
of PMN from milk. Together, these results suggest that the relationship between
blood and milk PMN function in cows with unstimulated mammary glands is
maintained during inflammation of the mammary gland. In addition, a lower ratio
of milk to blood PMN bactericidal activity was found in early lactation in
comparison with mid- and late lactation. This suggests that the inhibitory effects of
diapedesis and ingestion of protein and fat on the bactericidal activity of blood PMN
may be dependent on the stage of lactation.

In conclusion, we demonstrated a decreased bactericidal activity of both blood
and milk PMN against Staph. aureus in cows during early lactation in addition to a
decreased SCC and percentage PMN in milk. These findings suggest a significant
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impairment of the intramammary aspecific defence mechanism related to milk cells
in dairy cows during early lactation.
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